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I. INTRODUCTION

S
OI TECHNOLOGY is attractive for dynamic threshold MOS (DTMOS) [1] operation due to the absence of substrate loading and substrate coupling problems that are encountered in the bulk DTMOS devices. Thin film fully depleted (FD) devices [2] inherently have the advantages of lower parasitic capacitances, better sub threshold slope and reduced short channel effects over thick film partially depleted (PD) devices. However, PD devices have always been used to implement DTMOS thus far [1] , [4] , [5] . In this letter, we address the issues regarding the use of FD devices for DTMOS operation.
We show, in Section II, a close match of our simulation results with the measured data to validate our simulations. We show in Section III, using two-dimensional (2-D) simulations, that the increase in drive current in DTMOS operation over conventional MOS operation is a very sensitive function of the silicon film thickness. We find that significantly enhanced drive currents are observed only when the film thickness is sufficiently large. In Section IV, we explain this phenomenon qualitatively by showing that a beneficial body effect can be obtained only when the applied body voltage is greater than a certain floating body voltage. This floating body voltage decreases as the film thickness increases. In DTMOS action, the applied body to source voltage is required to be less than 0.6 V to limit junction leakage currents. We show that this implies that a film thickness of at least 100 nm is needed in silicon-on-insulator (SOI) DTMOS devices. We provide detailed simulation results to prove these points. 
II. CALIBRATION WITH EXPERIMENTAL RESULTS
In order to calibrate our device simulations, we used characterization data from FD SOI devices of 0.1 m technology fabricated on SIMOX wafers using a standard CMOS process. 1 The thickness of the silicon film was 35 nm and the devices did not have a body contact. Process and device simulations were carried out using ISE-TCAD tool [3] . The simulated results matched the measured data well (Fig. 1) .
III. SIMULATION RESULTS AND OBSERVATIONS
To simulate DTMOS using the SOI device (FD) described earlier, we have created, as in [1] , a body contact below the device [ Fig. 2(a) ] and tied it to the gate terminal. The supply voltage ( ) was chosen as 0.6 V. In the case of the NMOS device with a film thickness of 35 nm, a 16% increase in drive current ( ) is observed in DTMOS operation over conventional MOS operation. We have then repeated the simulations for various silicon film thicknesses ranging from 35 nm (FD case) to 150 nm (PD case) while keeping the same in all the cases. We observed that the percentage increase in in DTMOS operation, relative to the conventional MOS operation, increases first with film thickness and then becomes constant at about 63% [ Fig. 3(a) ].
We explain this observation as follows. Let the body potential (at the silicon-BOX layer interface) in the SOI device when the body is not connected to gate be and the floating body potential [see Fig. 2(a) ]. For a significant increase in current drive, the applied body bias should be much larger than because only then would the depletion charge under the gate decrease appreciably, increasing the inversion charge correspondingly. This is 1 Fabricated at the University of California, Los Angeles. essentially the principle of operation of DTMOS.
is dependent on the thickness of the silicon film as well as the substrate doping and decreases when either is increased.
In order to determine the exact mechanism by which the film thickness affects the body effect, let us consider a PDSOI-NMOS device of film thickness 150 nm. The potential inside the source region equals
, measured with respect to the intrinsic fermi level (0.55 V for the n source). Similarly, the potential in the body region ( ) equals (about 0.4 V in this case). In DTMOS operation, when V, the potential at the body contact becomes V, which is much larger than . Thus, the drive current increases significantly. The potential distribution along a vertical line from Si-gate oxide interface to Si-BOX layer interface, midway between the source and drain, for this PDSOI device is shown in Fig. 3(b) . It shows 
reaching
, which as we are going to show, is essential for DTMOS operation. Now, let us consider an FDSOI device with a silicon film thickness of 35 nm. Note in this case, does not reach as in the bulk case, and is at 0.11 V [see Fig. 3(b) ]. When the gate is tied to the body and is at , the potential in the body near the contact becomes V, which is only slightly more than . Thus the drive current does not increase significantly.
IV. QUALITATIVE EXPLANATION IN THE PRACTICAL CASE
In practice, the body contact is not given from the bottom. To understand the behavior of a practical device, we simulated the device shown in Fig. 2(b) . It is a long channel ( m) FDSOI device (silicon film thickness is 35 nm) without drain (n ) diffusion as shown. We shall now examine the necessary condition for a significant increase in drive current in DTMOS devices.
When the device is in inversion, let the potential at the Si-BOX layer interface be as earlier. Consider a point A (also shown in the figure) at a potential in this case. When the body contact is held at a potential , the whole edge of the depletion region (on the side of the body contact) is at . This implies a net reduction in the depletion charge and an increase in the inversion charge. On the same lines, we say that a body bias of is required to increase the inversion charge appreciably (implying an enhanced drive current) since is the lowest potential in the depletion region under the gate. This sets a lower limit on the body voltage (and hence on the supply voltage) required in DTMOS operation. On the other hand, for a significant increase in in DTMOS for any value of , should reduce to . Maintaining the same (0.3 V in our case), this can be achieved by increasing the film thickness. We found that [ Fig. 3(a) ] a film thickness of 100 nm would suffice for this.
V. CONCLUSIONS AND SUGGESTIONS
We conclude that, in FD devices, DTMOS has an enhanced current drive if is greater than , the floating body voltage.
decreases with an increase in the thickness of the silicon film [ Fig. 3(b) ] and/or substrate doping. PD SOI devices have a film thickness large enough such that the potential in the body drops to . But this increases parasitic capacitances. We found that almost reaches at a film thickness of about 100 nm and hence increases significantly with DTMOS operation as is evident from Fig. 3(a) . In fact, there is no further improvement in the drive current after this point. But the device capacitance increases with an increase in the film thickness. It is important that the increase in the device capacitance should be as small as possible than that of the current drive in DTMOS operation. Thus, a film thickness of about 100 nm is preferable for DTMOS operation. The device does not necessarily have to be partially depleted at this film thickness. Increasing the doping of the body can further reduce the minimum required thickness mentioned above, but this would cause the of the device to increase. Optimization of body doping profile may help in reducing the required film thickness further.
